Our objective was to compare the prevalence and determinants of child obesity using the WHO child growth standards compared with the CDC growth reference. We used data from 143,787 2-to 5-y olds who participated in the 33.8%, respectively. The difference between the prevalence estimates was greatest at 24-36 mo of age. Multivariate logistic regression analysis indicated that child obesity (based on the WHO standards) was more common in boys, Hispanics, children of less educated mothers, and those born to obese mothers. These results confirm that the prevalence of child obesity is higher according to the WHO standards and indicate that the WHO charts allow for a more timely detection of obesity in childhood.
Introduction
Childhood obesity worldwide is reaching epidemic proportions, comparable to those of adult obesity. The WHO estimates that there are 22 million overweight children under 5 y of age in the world (1) . The latest statistics in the US indicate that the prevalence of obesity in children 2-5 y of age is 10.4% (2) , although the numbers differ depending on the growth charts used (3) . A child's obesity status is determined by calculating his/her BMI [weight (kg)/height 2 (m 2 )] and comparing it to an age-and sexspecific reference distribution. If a child's BMI is above the 95th percentile of that distribution, the child is considered obese (4) . If the BMI is between the 85th and 95th percentiles, the child is considered overweight. Currently, in the US, the CDC growth charts are the reference used for children's BMI. These charts were constructed using nationally representative data collected from 1963 to 1994. Most of the children whose anthropometric measurements contributed to the construction of the charts were fed formula as infants, which is not in line with feeding recommendations for optimal growth. Because of this and several technical limitations of the U.S. charts, the WHO created new child growth charts, which were released in 2006. These were constructed using data from children in 6 countries across the globe, all living under conditions that allowed for optimal growth. The children were breastfed with appropriate complementary feeding and were from households with high socioeconomic status. Additionally, they had adequate access to health care and their mothers were nonsmoking. As of July 2010, the WHO standards have been adopted by 110 countries, including Canada (5).
On September 10, 2010 , the CDC released a statement encouraging the use of the WHO charts to assess the growth of U. S. children under the age of 2 y and a switch to the CDC charts once the child turns 2 y (5). It is useful to examine how the continued use of the WHO charts until the age of 5 y would affect the prevalence of overweight in a population of U.S. children when using these standards compared with using the CDC charts.
The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) program, which reaches one-half of all infants in the US and provides follow-up until children are 5 y of age, provides an ideal opportunity to address childhood obesity as early as possible. It is important for such a program to have the right tools to diagnose and treat child obesity, including adequate growth charts.
The objectives of this study were to determine whether, and at what ages, the WHO growth charts identify a greater number of overweight children than the CDC charts, using data from Massachusetts WIC participants. Another objective was to examine the risk factors associated with child overweight when growth status is assessed using the new WHO standards.
Materials and Methods
The data were collected from participants in the Massachusetts WIC program between September 2001 and October 2006. WIC is a federally funded program that aims to improve the nutritional status of pregnant and lactating women, as well as their children up to the age of 5 y, by providing them with nutritious foods to supplement their diet, breastfeeding support and nutrition counseling, and health care referrals. Anthropometric measurements were taken every 6 mo during the participant's certification/recertification visit or were reported on a form by the child's pediatrician. These are reported to the CDC as part of the state's participation in the Pregnancy Nutrition Surveillance System and the Pediatric Nutrition Surveillance System, from which we extracted the data. Information on socio-demographic characteristics and breastfeeding was obtained from WIC certification and recertification visits, the former of which occurred for the most part during the mother's pregnancy. The protocol was approved by the institutional review boards at the University of California, Davis; Simmons College, Boston; and the Massachusetts Department of Public Health.
In our analyses, we included only data for children aged 2.00 to 4.99 y, because the CDC BMI-for-age charts start at the age of 2 y (4).
Anthropometric measurements. Height and weight were measured using standard procedures briefly described herein (6) . At the WIC site, standing height was measured (to the nearest 0.3 cm) using a stadiometer, without shoes, hats, or hair accessories, and weight was measured (to the nearest 0.1 kg) using a beam balance scale or a digital scale after the removal of shoes, sweaters, and heavy jackets. Height and weight were measured once at each visit.
Independent variables. We considered several potential covariates in our analyses. These include race/ethnicity, birth weight, self-reported maternal weight and height, maternal education, and breastfeeding. Mothers reported their education as the number of years of formal schooling. We extracted information on breastfeeding history (whether the child was breastfed and the duration of breastfeeding) from the WIC records. The WIC program updates this information at each visit until the child is 24 mo of age.
Growth charts. The construction of the WHO (7) and CDC (8) charts is described in detail elsewhere. In brief, the CDC 2000 charts were a revision of the 1977 National Center for Health Statistics growth charts. They included data from national surveys that were not available in 1977 [the NHANES II (1976 II ( -1980 and NHANES III (1988 -1994 ]. There is a set of charts for children aged 0-36 mo and another for children from the age of 2-20 y.
The WHO growth standards were introduced in 2006. Criteria for selecting the communities from which the data were selected included: socioeconomic status that does not constrain growth, low altitude, low mobility of the target population to allow 2-y follow-up of children, minimum of 20% of mothers willing to follow feeding recommendations, existence of breastfeeding support system, and local presence of qualified collaborative institutions. Individual children satisfied the following criteria: no health, environmental, or economic constraints on growth; mother willing to follow feeding recommendations; term birth; single birth; absence of morbidity; and a nonsmoking mother (before and after delivery) (9) . The data from which the standards were created were collected at 6 sites: New Delhi, India; Muscat, Oman; Oslo, Norway; Accra, Ghana; Pelotas, Brazil; and Davis, California (USA). Data from all sites were pooled. Growth charts based on these standards cover children from birth to 5 y of age. The standards are intended for use for all children, not just for breast-fed children.
Data analysis. We performed data analysis using SAS software, version 9.1.3. We cleaned the data to exclude implausible values, such as extreme Z-scores of , 25 or . +5, as defined by the Pediatric Nutrition Surveillance System and Pregnancy Nutrition Surveillance System user guides (10, 11) . The mean number of visits per child during their participation in the WIC program was 7.5 (the median was 8 and the range was 1-13 visits). We checked for consistency in a child's data between consecutive visits. We used all of the data available for every child to examine the characteristics of the participants. To examine prevalence estimates and risk factors for obesity, we used a dataset with one randomly chosen visit per child. We used McNemar's test to examine the difference between the prevalence estimates when we used the 2 growth charts. We used all the data available for each child to examine the mean age at first "diagnosis" of obesity. For this analysis, we ascertained each child's overweight or obesity status for each visit and used the age of the child at the earliest visit in which he/she was obese in a paired t test to compare the mean age at first diagnosis. Using chi-square tests, we examined the prevalence of obesity across categories for ethnic group, birth weight, maternal weight status, maternal education, and breastfeeding. A logistic regression model helped to identify determinants of obesity based on the WHO charts, including all variables that were significant in the bivariate analyses and adjusting for child age. We used age as a continuous variable to improve the power of the test to detect relationships between age and obesity. P-values ,0.05 were considered significant. Descriptive statistics are presented as mean 6 SD or percent, and results of the logistic regression analyses are presented as OR (95% CI).
Results
The sample included 143,787 children who collectively had 392,927 WIC visits ( Table 1) . The mothers had a mean age of 26 y. Most were high school graduates or had not finished high school, with 19.9% having had at least some college education. About one-half of the mothers were either overweight or obese prior to pregnancy, which is not unexpected given that in Massachusetts in 2001 (the first year of data used for this study), 54% of adults in the general public were either overweight or obese (12) . The racial/ethnic distribution of children was 43% white, non-Hispanic, 32% Hispanic, 19.2% black, and 5.7% Asian/ Hawaiian/Pacific Islander. The majority (65.3%) of children had been breastfed at least initially and the mean breastfeeding duration in those who did breastfeed was 18 wk, with a median of 10 wk. These values represent the duration of any breastfeeding; we did not have information on the duration of exclusive breastfeeding.
Using the data available from every visit for each child, more children were diagnosed as obese (.95th percentile) or overweight (between the 85th and 95th percentiles) at least once between the ages of 2 and 5 y according to the WHO charts (53.3%) than according to the CDC charts (44.2%) (P , 0.0001).
The overall prevalence of obesity (using 1 data point per child and the 95th percentile cutoff) as assessed with the WHO charts was higher than the estimate from the CDC charts (23.3 vs. 16.9%; P , 0.0001). The same was true for the prevalence of overweight or obesity: 42.2% according to the WHO cutoffs and 33.8% according to the CDC cutoffs (P , 0.0001). We also calculated the prevalence of obesity using a stricter cutoff of . +2 BMI Z-scores (equivalent to .97.7th percentile), the cutoff recommended by the CDC when using the WHO standards for children under the age of 2 y. When we used the stricter cutoff, the prevalence of obesity from the WHO charts was 16.1%, which was lower than the 16.9% estimate from the more lenient 95th percentile cutoff and the CDC charts (P , 0.0001).
The difference between the prevalence estimates of the 2 charts (and the same cutoff) was larger among younger children (Fig. 1) . For instance, the prevalence estimate of obesity in the 24-to 27-mo age group doubled from 12.6% using the CDC charts to 25.3% using the WHO charts. The same was true for the estimate of overweight or obesity: in the 24-to 27-mo age group, it increased from 28% according to the CDC charts to 45% when we used the WHO charts. Each of the differences for each age group was significant (P , 0.0001).
Among children who were identified as obese at least once during the 3 y of data collection, the WHO charts diagnosed obesity at a mean age of 32.6 6 8.4 mo compared with 34.1 6 8.0 mo when we used the CDC charts (P , 0.0001). Even when we used the cutoff of . + 2 Z-score rather than the 95th percentile, obesity was identified earlier with the WHO charts (mean age of diagnosis, 32.8 6 8.4 mo).
When we used the WHO standards and a cutoff at the 95% percentile of BMI-for-age, child obesity was inversely related to maternal education and breastfeeding initiation and positively related to maternal obesity (Table 1) . Hispanic ethnicity was also strongly positively associated with child obesity. In this sample, the duration of breastfeeding was not related to child obesity at 2-5 y of age. When we used the + 2 Z cutoff, there was a similar inverse relationship between child obesity and maternal education and a positive relationship with maternal obesity. There was also a strong positive association between Hispanic ethnicity and child obesity and between birth weight and child obesity. Boys were more likely than girls to be obese (17.3 vs. 14.8%; P , 0.0001).
In a multiple logistic regression model controlling for child age as a continuous variable, significant determinants of child obesity Table 2) .
Discussion
These results demonstrate that the WHO growth standards identify a higher percentage of children as obese compared with the CDC reference. This difference is especially marked in 2-to 3-y olds. In addition, the use of the WHO standards allows for earlier detection of overweight in young children.
These results are in accordance with other studies comparing the performance of the 2 growth charts. De Onis et al. (13) noted that the WHO BMI-for-age percentile curves are consistently below those of the CDC charts, implying that the WHO charts would identify more children as overweight. Nash et al. (14) 3 The sample size of mothers is much lower than that of children due mostly to missing data.
FIGURE 1
Prevalence of overweight or obesity (.85th percentile BMI-for-age) (A) and obesity (.95th percentile BMI-for-age) (B) estimated using CDC and WHO charts, by age group. Values are means 6 SD, n = 4353-30,675. *Different from WHO, P , 0.0001.
found that the WHO standards identified more overweight children than the CDC charts, but the comparison in that study was made in children under the age of 2 y and was based on weight-for-length. Most other studies have focused on differences in the rates of undernutrition identified based on the 2 charts, but Mei et al. (15) recently showed that the WHO standards identified a larger number of U.S. children above the 95th percentile for BMI-for-age and also found the difference to be largest in the younger age groups. In the construction of the WHO growth standards, a first step was exclusion of data points that fell above +2 SD or below 23 SD in the unadjusted (raw) distribution of weight-for-height among children over the age of 2 y. This was done to avoid the influence of unhealthy weights for height. The original sample was highly skewed to the right for weight-for-height, which was considered to reflect the recent increase in overweight in affluent populations rather than a biologically "normal" distribution (16) . Similar reasoning was not applied to the CDC charts, because they were not meant to be a standard, but rather a reference. Therefore, the WHO standards have systematically lower BMI cutoffs for overweight than the CDC reference. However, the lower BMI cutoffs are not entirely due to this methodological difference; if they were, one would expect the difference in prevalence of obesity when using the WHO standard compared with the CDC reference to be similar across age groups within the age range studied herein, but in fact we have demonstrated that the difference in prevalence is much greater at 24-36 mo than at 36-60 mo. This implies that there is a real difference in the distribution of BMI between the WHO standard and the CDC reference that is independent of the methods used for exclusion of outliers and is most pronounced at younger ages.
When we used the WHO cutoffs to define child obesity, we found the same determinants of obesity that previous studies identified using the CDC cutoffs. In our dataset, the most potent risk factors for child obesity were parental obesity and high birth weight ($4000 g), followed by Hispanic ethnicity, lower maternal education, and male sex. The link to parental obesity is commonly reported (17) . Salsberry and Reagan (18) found that race/ethnicity was also associated with the early development of childhood obesity. Maternal education is a proxy for socioeconomic status, which has also been shown to be related to childhood obesity (17) .
This study has several strengths. The sample size was very large, and although this was not a nationally representative sample, there was representation of a range of racial/ethnic groups and socioeconomic backgrounds. WIC eligibility criteria are more lenient than those of other government assistance programs, with the income eligibility criterion being that family income is ,185% of the federal poverty line, and no documentation of legal residency status is required. To our knowledge, this is the first study comparing the 2 charts to use a longitudinal dataset to examine the prevalence of overweight and obesity and to identify the age of diagnosis of overweight or obesity.
There are some limitations to our analyses. The data used were programmatic data not collected for research purposes. Therefore, despite the training of WIC staff in anthropometric measurements, we cannot ensure the accuracy of the measurements. We did not have complete information for some covariates, such as breastfeeding history and maternal education. This is because some of this information was collected at time points that did not fall within the 5 y of data extraction for these analyses. In addition, we did not have information on the exclusivity of breastfeeding or the timing of formula introduction. The breastfeeding information was self-reported by the participants. This could be problematic because of the possibility that some participants misreport breastfeeding status either to obtain free formula or to please WIC staff who strongly encourage breastfeeding. It should be noted that these data were collected prior to recent changes in the WIC food package, which should reduce the likelihood of the former potential problem.
The next step in the comparison of the 2 charts would be to compare the ability of each chart and its cutoffs to predict adverse health outcomes attributable to child obesity, both in childhood and later in adulthood. The fact that using the WHO standards results in a higher prevalence of obesity is neither a surprise nor a drawback to their adoption, because with an earlier and more accurate diagnosis of obesity, measures can be taken to prevent the chronic diseases that may follow. With respect to adopting the WHO charts in the US, the recent CDC recommendation of adopting them for children under the age of 2 y is welcome; however, it falls short of what we would recommend based on our findings. In our analyses, the prevalence of obesity using the 2 charts differed the most at 2-3 y of age. Thus, switching to the CDC charts at the age of 2 y will result in a considerably lower estimated prevalence of obesity.
To summarize, using the WHO charts results in a greater prevalence of overweight and obesity among WIC children aged 2-5 y and an earlier diagnosis of obesity. These charts could be a useful tool in the detection of childhood obesity and the ability to take timely action to address the underlying causes and prevent future adverse consequences. 4 Low birth weight , 2500 g; high birth weight $ 4000 g.
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